The aim of the present paper is to discuss the boundary layer flow induced in a nanofluid due to a stretching permeable sheet in the presence of a magnetic field. Instead of no-slip boundary conditions, slips at the boundary have been considered. Casson fluid model was used to characterise the non-Newtonian fluid behaviour. The effects of Brownian motion and thermophoresis on heat and mass transfer were considered. Using similarity transformations, the governing partial differential equations were transformed into ordinary ones. The self-similar equations were then solved numerically using shooting technique with fourth order Runge-Kutta method. The solutions for velocity, temperature and concentration fields depended on the pertinent parameters. It was observed that the velocity decreased but the temperature and nanoparticle volume fraction increased with the increase of Casson fluid parameter. With the increase in velocity slip parameter as well as magnetic parameter, fluid velocity decreased. Due to increase in thermal slip, temperature decreased and with the increase in mass slip parameter, concentration also decreased. Temperature was found to increase but the nanoparticle volume fraction decreased due to the Brownian motion. On the other hand, temperature and nanoparticle volume fraction were both found to increase with the increase of thermophorosis parameter as well as with the increasing strength of magnetic parameter. Thus, velocity slip at the boundary and magnetic parameter acted as flow controlling parameters. It is believed that this type of investigation is very much helpful for the manufacturing of complex fluids and also for cleaning oil from surfaces.
INTRODUCTION
An enormous amount of work has been done on the boundary layer flow and heat transfer past a stretching sheet [1] . The engineering applications of the stretching sheet problems include polymer sheet extrusion from a dye, drawing, tinning and annealing of copper wires, glass fibre and paper production, the cooling of a metallic plate in a cooling bath, aerodynamic extrusion of plastic sheets, heat treated materials travelling between a feed roll and a wind-up roll and so on [2] . An elegant analytical solution to the boundary layer equations for the problem of a steady two-dimensional flow due to a stretching surface in a quiescent incompressible fluid was first observed by Crane [3] . Gupta and Gupta [4] argued that realistically, stretching of plastic sheet may not necessarily be linear. The real processes can be modelled using different types of stretching velocities viz. (a) linear (b) power-law (c) exponential (d) hyperbolic which have a definite impact on the quality of the product obtained. Magyari and Keller [5] studied the boundary layer flow and heat transfer due to an exponentially stretching sheet. Many other researchers such as Elbashbeshy [6] , Khan and Sanjayanand [7] , and Partha et al. [8] have continued their work by considering exponentially stretching sheet. Mandal and Mukhopadhyay [9] analysed the heat transfer characteristics for flow past an exponentially stretching sheet embedded in a porous medium in the presence of surface heat flux. Recently, Hafidzuddin et al. [10] obtained the numerical solution for flow past an exponentially stretching/shrinking sheet. Mabood et al. [11] reported the effects of radiation on heat transfer over an exponentially stretching sheet. Nowadays, the enhancement of thermal conductivity is an extremely important topic among researchers. The term nanofluid was first used by Choi [12] . Masuda et al. [13] first observed the enhancement characteristics of thermal conductivity of nanofluid. By adding a small amount of nanoparticles (less than 1% by volume) in conventional heat transfer fluids, researchers showed the enhancement of thermal conductivity up to two times (approximately). Compared to the base fluids, thermal conductivity of nanofluid is very high [14] [15] [16] [17] [18] and so these are used in many energetic systems such as cooling of nuclear systems, radiators, natural convection in enclosures, drawing of copper wires, continuous stretching of plastic films, artificial fibres, hot rolling, wire drawing, glass fibre and metal extrusion and metal spinning, etc. Furthermore, due to their excellent wetting and spreading behaviour, nanofluids have important applications for cleaning oil from surfaces. Different models for nanofluid are available, among which Buongiorno's [19] model and the model proposed by Tiwari and Das [20] are very popular. Makinde and Aziz [21] analysed the effects of convective heating on boundary layer nanofluid flow due to a stretching sheet. Nanofluid flow over a permeable stretched surface near a stagnation point was discussed by Alseadi et al. [22] . Mustafa et al. [23] analysed the boundary layer flow of nanofluid over an exponentially stretching sheet with convective boundary conditions. The mixed convection peristaltic flow of magnetohydrodynamic (MHD) nanofluid in the presence of Brownian motion and thermophoresis was presented by Hayat et al. [24] . Zaimi et al. [25] used the two-phase model for nanofluid to investigate the effects of Brownian motion on thermophoresis for flow past a stretching/shrinking sheet. Usri et al. [26] discussed the forced convection flow using nanofluid and highlighted its applications in automotive cooling system. Stagnation point flow of nanofluid towards a stretching/shrinking sheet was investigated by Mansur et al. [27] . Naramgari and Sulochana [28] studied the combined effects of thermal radiation and chemical reaction on nanofluid flow towards a stretching/shrinking sheet.
The flow of non-Newtonian fluids with heat transfer has great importance in engineering applications such as the thermal design of industrial equipment dealing with polymeric liquids, molten plastics and food stuffs or slurries. In general, non-Newtonian models have nonlinear relationship between stress and rate of strain. Casson fluid is a shear thinning liquid treated as one kind of non-Newtonian fluid which exhibits yield stress. When less shear stress than the yield stress is applied, such fluid behaves like a solid i.e. no flow occurs and it moves if the applied shear stress is greater than the yield stress. Jelly, soup, honey, tomato sauce, concentrated fruit juices, blood etc. belong to the Casson fluid model. Boyd et al. [29] reported on the Casson fluid flow for the oscillatory blood flow. Mustafa et al. [30] investigated the unsteady flow of Casson fluid over a moving plate. Mukhopadhyay [31] discussed the combined effects of suction/blowing and thermal radiation on Casson fluid flow and heat transfer past an unsteady stretching surface. Nadeem et al. [32] obtained analytical solution for oblique flow of Casson 4787 nanofluid, while Haq et al. [33] studied the Casson nanofluid flow past a shrinking sheet. Mustafa and Khan [34] presented a model for Casson nanofluid flow towards a nonlinear stretching sheet in the presence of magnetic field. Recently, Umavathi and Mohite [35] investigated the heat transfer of nanofluid in porous media. Oyelakin et al. [36] investigated the unsteady flow of Casson nanofluid over a stretching surface and reported the effects of slip and convective parameter. Sulochana et al. [37] also studied the effects of convective parameter on three-dimensional Casson nanofluid flow in a porous medium. Rana et al. [38] analysed the homogeneous and heterogeneous chemical reactions on mixed convective flow of Casson fluid. Zaib et al. [39] obtained dual solutions for a mixed convection flow of Casson fluid past an exponentially shrinking sheet in the presence of viscous dissipation and suction. Vajravelu et al. [40] studied on the non-Newtonian fluid flow past a vertical stretching sheet considering the Ostwald-de Waele fluid model. In most of the papers mentioned above, no-slip boundary condition has been used. For cooling of electronic devices, micro heat exchanger systems, etc., microchannels which are at the front position of today's turbo machinery technologies are mostly being considered. But it is a well-known fact that for some coated surfaces and for micro-electro mechanical systems, the no-slip boundary condition is not valid. In such cases, slip boundary conditions are to be used. Fluids exhibiting slip at the boundary have significant technological applications. Turkyilmazoglu [41] obtained multiple solutions for MHD Viscoelastic fluid flow over a stretching sheet in the presence of slip. Sahoo and Poncet [42] discussed the second-grade fluid flow and heat transfer past an exponentially stretching sheet in the presence of slip. Uddin et al. [43] reported the combined effect of magnetic field and slip on stretching/shrinking nonlinear nanomaterial sheet in the presence of convective heating. Hayat et al. [44] investigated the effects of second order slip on nanofluid flow over a bidirectional stretching sheet. Recently, Ghosh et al. [45] obtained dual solutions for boundary layer slip flow over a nonlinear shrinking sheet with a more general shrinking velocity. Hayat et al. [46] investigated the effects of slip on unsteady MHD flow past an exponentially stretching sheet. Magnetic nanofluids have wider applications in the enhancement of magnetic resonance, aerodynamic sensors, nuclear plants, magnetic cell separation, drug delivery, cancer therapy, biological transport, and artificial kidneys [44] [45] [46] [47] . Yet, very limited investigations dealing with magnetic nanofluids are available in open literature. Moreover, nanofluid exhibits slip behaviour. However, there is a huge gap in the area of research dealing with magnetic nanofluid flow in the presence of slips at the boundary. So, an attempt was made in this investigation to fill up this gap.
The motivation of the present paper is to study the boundary layer of nanofluid flow and heat transfer due to an exponentially stretching permeable sheet in the presence of a magnetic field and slips at the boundary. Velocity, thermal as well as mass slip conditions were considered. Casson fluid has been used as the base fluid. With the help of appropriate similarity transformations, the governing partial differential equations were reduced to a set of nonlinear ordinary differential equations. Using fourth order RungeKutta method with the help of shooting technique, these equations were then solved numerically. The effects of the various physical parameters on velocity, temperature, nanoparticle volume fraction, skin-friction, heat and mass flux coefficients have been reported.
METHODS AND MATERIALS

Mathematical Formulation
The steady two-dimensional incompressible slip flow of Casson fluid bounded by a permeable stretching sheet at y =0, the flow being confined in y >0 were considered. The rheological equation of state for an isotropic and incompressible flow of a Casson fluid can be written as follows [31] : ) (   is applied normal to the sheet, 0 B being a constant [48] . The governing equations for this problem may be written in the usual notation as [25] :
where u and are the velocity components in x and y directions respectively,     is the kinematic viscosity,  is the Casson parameter, is the electrical conductivity, 0 B is the initial strength of magnetic field, f  is the density of the base fluid, T is the temperature, T In this study, Buongiorno [19] model for nanofluid has been used in view of the fact that the nano-materials with very small sizes acquire individual physical and chemical properties. They are capable of flowing effortlessly without making any blockage to themselves as they are tiny enough to act likewise to liquid molecules [49] . So, the momentum equation for Casson nanofluid under boundary layer approximations remained the same as that of Casson fluid. Only due to the presence of nanoparticles, the Brownian motion and thermophoresis effect were exhibited through the last two terms of equation (3) and last term of equation (4) .
4789
The associated conditions at the wall (boundary) are given by [45] given by
respectively the initial values of
Let us introduce the similarity variable  and consider the similarity transformation given by
where  is the stream function given by
Equation (1) is automatically satisfied by this. Using the relation (6) in equations (2)- (4), we get the following equations
. 
The boundary condition takes the following forms
is the suction/blowing parameter. Here, 
The local skin friction coefficient f C , local Nusselt number The highly nonlinear coupled ODEs (7-9) along with boundary conditions (10a-12b) form a two point boundary value problem (BVP) were solved using the shooting method.
RESULTS AND DISCUSSION
To validate the accuracy of the numerical method used in this problem, a special case of fluid with a very large value of Casson parameter in the absence of magnetic field, suction/blowing and slips at the boundary (i.e. M=0, S=0, B=0, D=0, N=0) was considered and comparison was made for the value of velocity gradient at the wall [ ''(0) f ] with the available published results of Magyari and Keller [5] , Elbashbeshy [6] , Sahoo and Poncet [42] . The results were found to be in excellent agreement.  becomes very large, the fluid behaves as Newtonian fluid which can be easily viewed from the governing equation (2) . Moreover, the fluid behaves as an ordinary viscous fluid if
. Here, M=0 indicates that the results were obtained in the absence of magnetic field. Under these specific conditions (as in the studies of Magyari and Keller [5] , Ishak [48] , and Mandal and Mukhopadhyay [9] which are related to ordinary viscous Newtonian fluid), our results for prescribed surface temperature case (i.e. when This provides us with confidence to carry on the numerical results for the variations of the other parameters. In view of illustrating the salient features of this investigation, numerical results are presented through graphs in Figure 1 (a-c) which were analysed one by one in detail as follows. Figure 1 (a)-(c) depict the effects of Casson fluid parameter on velocity, temperature and concentration respectively. From Figure 1(a) , it was found that the velocity decreased with the increase of Casson fluid parameter in the presence of magnetic field. Due to the increase in  plastic dynamic, viscosity increased and it caused resistance to the fluid motion [36] . As a result, momentum of boundary layer thickness reduced with the rise in Casson parameter [31, 50] . Fluid velocity was much more suppressed in the case of suction (S = 0.5) than that of blowing (S = -0.5) [ Figure 1 Consequently, the temperature and concentration boundary layer thickness both increased. Due to the increase in elasticity, stress parameter thickening of the thermal and solutal boundary layers occurred [31] . On the other hand, the opposite effect was observed for the blowing case; due to the increase of blowing, the velocity, thermal and nanoparticle volume boundary layer thicknesses increased [51] . This can be explained as follows. When stronger blowing was provided, the heated fluid was pushed further from the wall and so the fluid was accelerated. Due to the increase in magnetic parameter M, fluid velocity decreased [ Figure 3 Application of a magnetic field normal to the direction of fluid flow gives rise to a resistive force (called the Lorentz force). Due to a rise in magnetic parameter M this force increases. As it acts in the opposite direction of flow, it has a tendency to slow down the movement of the nanofluid [34] . Moreover, this force enhances thermal and solutal boundary layer thickness but diminishes the momentum boundary layer thickness. The effect of velocity slip parameter B is shown in Figure 4 (a). It was found that with increasing velocity slip, fluid velocity decreased and so the velocity boundary layer thickness decreased [ Figure 4(a) ]. Due to slip, the flow velocity near the sheet was no longer equal to the stretching velocity at the sheet. With the increase in B, such slip velocity increased and consequently, fluid velocity decreased because under the slip condition at the boundary, the pulling of the stretching sheet can only be partly transmitted to the fluid [1] . Figure 4(b) shows that with the increase of thermal slip parameter, less heat was transferred to the fluid. As a result, temperature decreased. So, the thermal boundary layer thickness also decreased with the increase of thermal slip parameter. In Figure 4 [1] . Actually, with the increase in t N , thermophoresis force increased and this helped to move the nanoparticles from hot to cold areas. As a result, both the temperature and concentration increased. 
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The effects of velocity, thermal and mass slip parameter and mass suction parameter S on velocity, temperature and concentration gradient are shown in Figure 9 
CONCLUSIONS
A numerical study was presented to discuss the effects of slip on Casson nanofluid flow and heat transfer past an exponentially stretching permeable sheet in the presence of a magnetic field. Similarity solutions of the governing equations were obtained. Based on the observations, the following conclusions can be made.
(i) Effect of Casson parameter was to suppress the velocity field whereas the temperature and concentration of nanofluid increase dwith the increase in Casson parameter. Mass transfer decreased due to Brownian motion parameter but it increased with the increase in thermophoresis parameter. Such flow can provide immense help in cancer therapy, polishing of internal cavities and valves as well as for cleaning oil from surfaces.
